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ABSTRACT 
 Department of Defense test and evaluation (T&E) is a specialized field that has 
unique challenges. Acquisition professionals in T&E positions rely on slow, antiquated, 
“by-hand” methods based on heuristics to estimate test durations, costs of testing, and 
risks associated with different factors of their test programs and how each will impact the 
overall test effort. The research questions in this thesis are: 1) How could Marine Corps 
Systems Command (MCSC) benefit from incorporation of automation or optimization in 
test planning? and 2) What features are needed in a T&E planning tool for the Marine 
Corps? T&E personnel were interviewed to determine the difficulties they have with test 
planning, how they think they could benefit from test planning tools, and what tools 
would be considered beneficial. Their needs were captured and translated into 
requirements, which can be used to inform any number of future tools based on this 
research. 
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This research surveyed current Department of Defense (DoD) test and evaluation 
(T&E) personnel from the Navy and the United States Marine Corps (USMC) on their 
current practices, challenges, and ideas for tool support that would be useful to them. To 
elicit this information, open-ended questions were developed and asked during one-on-one 
interviews with each of the seven interviewees. Quotes from interview responses were then 
summarized by key points and translated into categories, and then arranged into clusters 
based on themes. Each cluster was summarized into a brief phrase to convey its main idea.    
Research for this thesis looked into what automation or optimization tools had been 
developed thus far for use in DoD acquisition. There is some research that has been 
conducted focusing on particular aspects of automation and/or optimization in T&E 
planning. Edwards and Payne focused on T&E schedule optimization, whereas DfR 
Solutions focused on optimizing the selection of tests for Army reliability testing, and 
Bjorkman et al. focused on optimizing test resource allocation. Chari and Hevner focused 
on balancing the risks of failure with costs incurred of testing. Each of these were 
insightful, and could potentially contribute to eventual tools.   
Leveraging the subject matter expertise of the seven interviewees allowed the 
research questions to be answered. The research questions were: 1) How could MCSC 
benefit from incorporation of automation or optimization in test planning? and 2) What 
features are needed in a T&E planning tool for the Marine Corps? Chapter IV outlined the 
user needs expressed during the interviews and translated these needs into high-level 
requirements. Now future researchers can use these requirements to begin development on 
material solutions which incorporate the capabilities that this research found are needed by 
T&E professionals. The problem stated in Chapter I of this thesis will be solved by the 
creation and implementation of tools to aid in T&E planning, which this thesis helps future 
researchers to do. 
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Department of Defense (DoD) test and evaluation (T&E) is a specialized field, with 
unique challenges. At Marine Corps Systems Command (MCSC), acquisition 
professionals in T&E positions rely on slow, antiquated, “by-hand” methods based on 
heuristics to estimate test durations, costs of testing, and risks associated with different 
factors of their test program and how each will impact the overall test effort. This research 
explores the need for a collection of tools enabling automation and optimization of a variety 
of processes associated with test planning. The purpose of this chapter is to provide a 
background and context to the problem.    
A. BACKGROUND 
Test and evaluation personnel are charged with developing the test schedule for the 
acquisition programs to which they are assigned (Defense Acquisition University [DAU] 
2017, chapter 8). Several schedule courses of action (COAs) are sometimes developed to 
help the program manager (PM) make trades and decision on the test events that will help 
reduce the most risk to the program. Schedule COAs may be developed over and over again 
many times, where test personnel are manually varying different elements—number of test 
articles, test locations, test priorities, etc.—to see how these would affect the overall test 
schedule. This can be a very time intensive and onerous process. It also opens up the 
possibility for errors and mistakes as it is left to the individual T&E personnel to manage 
all of the pieces of the test program manually. Additionally, as changes occur during 
program execution which will require an update to the schedule, this manual effort of 
schedule manipulation continues in order to adjust accordingly. Each time this occurs, there 
is a risk that test durations are not correctly captured, critical tasks are forgotten, and the 
logistics required to make it all work cannot be achieved. For example, in the Joint Light 
Tactical Vehicle (JLTV) program, a “horse blanket” schedule was made in a spreadsheet, 
so called because it ends up very colorful to signify the many different types of tests 
planned and quite large to encompass all of the many tests needed of a military vehicle 
program over several vehicles, over several months. Prior to the recent sequestration, the 
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T&E team had to produce dozens of schedule COAs to analyze what effects each 
hypothetical budget cut would have on the test schedule. This analysis included cutting 
some test events, and shuffling around test events to different test assets. For each of these 
COA iterations, cells were manually moved around in the spreadsheet. The team hoped as 
each iteration was completed that constraints were not forgotten. For example, Vehicle A 
will be at curb weight, which is an empty condition, meaning no gear will be loaded on the 
vehicle. So tests like Full Load Cooling, which need to be done on a fully loaded vehicle, 
would not be best suited for Vehicle A. At the end of each iteration, there was still a risk 
that something was deleted that should not have been. Even with safety factors added to 
each planned test duration, delays would result in portions of the planned testing being 
unable to be completed within the test window available. Each iteration would take up to 
a week to develop and took most of the team’s resources for that week, meaning all other 
engineering and manufacturing development (EMD) phase test planning had to be put on 
hold to work sequestration drills. 
Using some type of automated process or optimization that could develop new 
schedules more quickly would increase the effectiveness of T&E personnel at making these 
schedule COAs. Using the strengths of machines—repetition and computation—and the 
advances in technology brought about by big data computing could increase the speed at 
which T&E personnel can obtain information about schedules, budgets, testing, and more. 
(Bryant et al. 2008). 
Risk management is another area within T&E which could benefit from 
automation. Currently, T&E personnel recommend risks to the risk integrated product team 
(IPT), who then track this information, usually in a spreadsheet like Microsoft Excel. 
According to the Risk, Issue, and Opportunity Management Guide (Office of the Deputy 
Assistant Secretary of Defense for Systems Engineering 2017), after these risks are 
identified, they are analyzed to determine probability and consequence of occurrence, and 
then mitigations are developed. This information is manually entered into Excel and 
monitored by the risk IPT over the remaining life cycle of a program. But in many MCSC 
programs which are very low Acquisition Category (ACAT) programs or Abbreviated 
Acquisition Programs (AAPs), there is not a risk IPT specifically set up to track risks. Often 
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the cross-functional team brainstorms risks prior to the program initiation, the risks are 
captured, and then only updated at systems engineering technical reviews or major program 
milestones, if then. By then, a decent portion of the risks generated at the beginning of the 
program have become issues—things that have actually happened or are about to happen. 
The probability and consequence numbers are best estimates from the team, sometimes 
based on very limited data or knowledge of the risk. Using some type of automation or 
optimization tool could automatically glean risk information from the work you are doing 
as you are planning various other aspects of a program, and could allow risks to be 
categorized based on Monte Carlo simulation results, rather than estimates alone. This 
could give PMs better confidence in the state of their program’s risks. 
Cost estimating is another area within T&E that could benefit from automation or 
optimization. Typically a cost estimate is requested from the test site each time a test is 
being considered. Unfortunately, historical repositories of past cost estimation data are not 
typically kept by MCSC program management offices (PMOs). Often when trying to 
estimate an overall budget for an upcoming test, the PMO requests a rough order of 
magnitude (ROM) cost estimation from the test site, which the test sites are sometimes 
reluctant to give. If the test sites are willing to share, it may take weeks to get this 
information, which can delay planning efforts. If the PMO was automatically retaining past 
cost estimate information in a database with an automated tool, they would have a place to 
quickly gain this information to support their estimation efforts, and can double check their 
numbers with the test sites later, as they get closer to the start of testing. 
Tracking results and performance is another area T&E personnel could benefit from 
automation. At present, a PMO may be able to get notional test performance results from 
test officers at the test sites as tests are conducted. But test officers typically caveat 
everything shared, that nothing is official until the test report comes out. However, 
unfortunately it may be 30 to 90 days after an entire test program is complete before the 
PMO will receive the test report. Sometimes decisions about the program need to be made 
well before this point in time due to aggressive schedules. For example, during technology 
demonstration (TD) phase testing, the Capabilities Development Document (CDD) was 
being drafted at the same time. The requirements IPT needed information on test results as 
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soon as each test was completed to know if the draft requirement was set at an achievable 
threshold. The test report was barely finished in time for the operational test agency 
milestone assessment report (OMAR) to be written in support of milestone B (MS B). The 
joint requirements oversight council (JROC) process needed to be started well ahead of 
this in order to be approved prior to Milestone B, so interim notional test results were 
needed to inform the draft CDD in a timely manner. Another example of when notional 
test results may need to be used is when the contractor needs to be notified of performance 
to determine if a retest will be requested. In this case, time is needed to allow for the 
contractual reporting process to the contractor, the contractor’s response time, and then test 
article modification time (if necessary). Another example of when notional test results may 
be needed are when demonstrations of naval transport capability are needed. These often 
need to occur during a test window, which is well before a final report of all testing will be 
completed. An automated tool would allow tracking of these interim results in a near-real 
time interactive requirements traceability matrix (RTM), which would allow the teams to 
keep easier track of what was completed, what the results were, and how those results affect 
their program(s). 
In each of these examples, some type of automated process or optimization could 
potentially increase the effectiveness of T&E personnel by increasing the speed at which 
T&E personnel can obtain information about schedules, budgets, testing, and other useful 
data. A further look to other industries who use automation and optimization successfully 
will help inform this research. 
B. AUTOMATION/OPTIMIZATION IN OTHER SETTINGS 
Let us consider a few examples of the automation/optimization tools developed and 
used in other areas. 
1. United Parcel Service (UPS) 
UPS is a logistics company whose focus is on the shipping of packages in a timely 
manner. They have a vested interest in streamlining their processes as much as possible. 
To do so, they have implemented optimization and automation to increase the speed at 
which they can get packages to customers. They developed a revolutionary routing system 
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to optimize the routes that their drivers take to deliver packages. This routing system is 
called on-road integrated optimization and navigation (ORION), and the company won a 
Franz Edelman Award from the Institute for Operations Research and the Management 
Sciences (INFORMS) in 2016 for their work on ORION. The system uses “advanced fleet 
telematics and complex algorithms to crunch thousands of pages of code and more than 
250 million address data points to provide UPS drivers with optimized delivery routes” 
(Horner 2016). ORION saves UPS “an estimated $300 to $400 million in annual savings 
and cost avoidance thanks to 100 million miles less traveled, 10 million gallons of fuel not 
consumed and a reduction of 100,000 metric tons in CO2 emissions per year, not to 
mention a significant increase in deliveries per driver per day” (Horner 2016). Drivers who 
used to make 110 stops per day note that when using ORION they now make 115 to 118 
deliveries in the same amount of time. 
UPS has continued to implement optimization and automation in the years since 
winning the Edelman Award. Today their website notes their new network planning tool 
(NPT),  
applies advanced analytics, artificial intelligence, and operations research 
[optimization] to refine the network, improve utilization of assets, and 
provide new levels of efficiency. This technology helps us optimize the 
package flow, from customers’ loading docks, through our network of hubs 
and sorts, and to their final destinations. Package flow optimization and hub 
optimization are rolled into one tool that tells us the most efficient way to 
run our network each day, even when volumes spike and destinations 
change. NPT will be fully implemented in U.S. operations by 2020. (United 
Parcel Service [UPS] n.d.) 
In addition to optimization, UPS utilizes a delivery information acquisition device 
(DIAD) to automate the transfer of packages between shipping points. Figure 1 gives a 
view of the foundation of the UPS smart logistics network, showing how each of the 
elements come together to optimize work flow. Real time decision making through 
optimization would help with test planning and also re-planning, which occurs after 




Figure 1. UPS Smart Logistics Network Infographic. Source: 
UPS (n.d.). 
UPS has used optimization and automation to realize significant cost savings and 
cost avoidances, as well as significant reduction in miles driven, fuel consumed, and carbon 
dioxide emissions (Horner 2016). DoD T&E could stand to gain efficiencies in the test 
planning process from utilizing automation and optimization as UPS has by optimizing test 
resources and test articles. 
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2. Pharmacy Automation 
The Naval Medical Center in San Diego (NMCSD) increased the efficiency of their 
pharmacy by installing a state-of-the-art pharmacy automation system in 2012. The pill-
counting machines that were being used were obsolete, and prior to 2012, all prescriptions 
at NMCSD were being filled manually. In August 2012, the Bureau of Medicine and 
Surgery (BUMED) installed a new automation machine, which is capable of completing 
each of the steps in the filling of a prescription autonomously, and then just needs to be 
verified by a pharmacist. This machine does not require assistance from pharmacy 
technicians that the past manual process relied heavily on. Using the automated process 
comprised of a conveyor belt system and robotic delivery system, total prescription fill 
times were able to be reduced by almost seven minutes, or “14.2 percent from pre-
automation to post-automation” (Merkl 2015, xxi). This reduction of prescription fill time 
can be quantified into a $330,000 reduction in personnel costs.  
The aim of the automation of the pharmacy at NMCSD was to increase productivity 
and to reduce the customers’ wait times. T&E personnel productivity could also be 
increased by implementing automation or optimization as the NMCSD has, taking the 
guess work and human error out of the process, and bypassing bottlenecks in the planning 
processes. 
3. Unclassified Test and Evaluation Support Tool 
The author had the privilege of discussing the automated tool developed by the 
Navy to aid in ship test scheduling. During a phone interview on July 9, 2019, the T&E 
Resources Manager for Commander Operational Test and Evaluation Force (COTF), the 
operational test agency for the Navy, discussed that COTF had developed an automated 
tool already to help with ship and submarine scheduling to support Navy and Marine Corps 
operational testing. Previously, requests for fleet ship support came in to COTF in 
Microsoft Word documents with several missing fields and sparse information. Another 
downside to this process was that no other programs could see who else needed support 
around the same time as them, to see if joining efforts to minimize resources, or 
“piggybacking,” of efforts would be feasible.  
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With the creation and implementation of the Unclassified Test and Evaluation 
Support (UTES) tool, requests for fleet support are entered online with instructions for each 
field to explain what is being asked; errors are given to the user if any fields are not filled 
out. This ensures more complete information gets to the COTF Resource Manager. 
Additionally, by housing the UTES tool online, all users can now view all requests that 
have been submitted via UTES to see if efforts could be piggybacked to take the most 
advantage of ship time. UTES does not share ship availability, because this information is 
generally classified. One disadvantage of the UTES system is that someone has to 
download the requests from UTES and manually input them into the classified WEBsked 
program that ships use for scheduling. 
The Resource Manager shared positive feedback about the UTES tool, but that his 
biggest challenge regarding the UTES tool is getting word out that it exists, where to find 
it, and how it can be beneficial to PMOs. He revealed that in the initial development of 
UTES, there was some discussion of incorporating range availability and/or capabilities, 
but that ultimately those features did not make it into the final version of the UTES tool. 
He noted that having a single place to make fleet and range request all at once would be 
desirable to PMOs.  
Talking with the Resource Manager is important in problem formulation and 
definition because his organization developed and implemented a successful automated 
tool to improve the efficiency of COTF personnel. This shows that automation has helped 
in this particular aspect of test planning for COTF. Automation or optimization of other 
test planning functions could further increase the productivity and efficiency of DoD T&E 
personnel. Additionally, a similar process where the USMC could see all requests for 
Marine support for operational testing could allow optimization by piggybacking of efforts 




C. PROBLEM FORMULATION 
Based on the preceding discussion, it is obvious that there is a problem with 
assisting the T&E community in test planning via using a variety of software tools enabling 
automation and optimization of the many processes T&E planners have to follow. Without 
going deep in developing these tools, this research tries to contribute to this problem by 
addressing just a couple of narrower research questions as presented in the next section.  
The problem identified by this thesis is that automation and/or optimization are 
needed to increase the speed with which T&E personnel can obtain information about the 
tests being planned and executed to increase efficiency and productivity in test planning 
and management.     
D. RESEARCH QUESTIONS 
A variety of tools exist to help automate or optimize the work of T&E professionals, 
yet MCSC does not use them. The research questions this thesis seeks to answer are: 
1. How could MCSC benefit from incorporation of automation or 
optimization in test planning?   
2. What features are needed in a T&E planning tool for the Marine Corps?   
In order to address these research questions the author conducted interviews of 
T&E personnel.  
The systems engineering (SE) process, as described in the Defense Acquisition 
Guidebook in chapter 3 (DAU 2017), outlines how systems engineers take operational 
needs expressed by the user and translate them into requirements and then specifications 
for the design of a material solution(s). Later, these specifications will serve as the criteria 
against which the material solution(s) will be evaluated. This thesis aims to scope 
requirements for future work which could inform development of several automation or 
optimizing tools which would benefit other DoD T&E personnel and therefore address the 
two research questions. 
10 
E. THESIS ORGANIZATION 
To address the problem formulated in Section I.C, this thesis is organized as 
follows. 
Chapter II reviews literature specifically focusing on existing tools which utilize 
some kind of automation and/or optimization to aid in test and evaluation planning.  
This is followed by Chapter III, which describes the methodology by which the 
research question will be addressed and suggests the interview questions to be asked.  
Chapter IV discusses the results of the interview process and analyzes the revealed 
trends. This chapter also includes the formulation of some solution-neutral requirements 
for future T&E planning aid tools. 
Chapter V ends with conclusions and recommendations for future research. 
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II. LITERATURE REVIEW 
After reviewing current T&E planning pain points in Chapter I, this chapter reviews 
several existing automation and optimization tools that can be applicable in exploring the 
research questions of this thesis. The existence of these tools indicates that others are 
experiencing test planning pain points analogous to the examples given in Chapter I, and 
similarly concluded that a tool would help overcome these pain points or shortfalls.  
A. USMC TEST SCHEDULE OPTIMIZATION TOOL 
Though scheduling tools exist, most are only concerned with the temporal aspects 
of scheduling. Edwards (2015) modeled a resource constrained project scheduling 
problem, which “is a scheduling problem with the added complexity of resource constraints 
in addition to the typical temporal constraints” (13), as an integer linear program. Test 
planning constraints include the quantity and type of test assets, their availability, tests 
required to be conducted, test event priority, and test venues available. The proposed model 
was run on general algebraic modeling system (GAMS) software, and resulted in suggested 
schedules that were feasible and nearly optimal. Compared to a three-to-six month test 
schedule which was created by MCSC subject matter experts (SMEs), model results were 
found to be within two weeks. Verification was done that the model maintained test event 
priorities and precedents, test and venue pair assignments, and asset availability, as well as 
that movements between venues were completed with correct timelines associated.  
The Edwards (2015) tool was able to generate near-optimum schedules in seconds, 
much quicker than any manual method would have been able to, which directly relates to 
the problem statement of this thesis because optimization allowed users to gain test 
planning information much quicker. However, the model had to be run on GAMS because 
it was too large and complex for Microsoft Excel alone. GAMS is a software that United 
States Marine Corps (USMC) personnel do not have access to, which is a major barrier for 
the usability of this tool. The model was also very specific to one platform, amphibious 
combat vehicles, which could be an “outlier” outcome—meaning the tool may not work 
for other types of technology. The triangular distributions that fed the model inputs were 
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from a static, standalone spreadsheet that the PMO had generated, which could become 
obsolete if users do not keep up with the data. This spreadsheet did not contain all relevant 
tests for the platform, only a select subset, which was approximately one quarter of the 
total number of test events that these vehicles would need to go through. The model did 
not include training time, unknowns, or risks. 
Payne (2017) continued the efforts of Edwards (2015) by explaining the model’s 
significance in the realm of DoD acquisition test planning, created requirements to evaluate 
the model against, and validated the model met those requirements. She also gave an 
overview of the duties of PMO test personnel and provided some background information 
on the struggles of manual test planning processes. Edwards (2015) utilized a triangular 
distribution for test duration estimates and Payne attempted to further explain these 
distributions. Payne notes, “there are many models that are available to assess a schedule 
once it has been developed. Providing a schedule model based on inputs and constraints is 
a much more difficult activity” (26). 
The analysis done in 2017 by Payne created a set of requirements shown in Table 1 
of what the tool must do to be effective, noting recommendations for Key Performance 
Parameters (KPPs), Key System Attributes (KSAs), and Additional Performance 
Attributes (APAs), and then evaluated the tool against these requirements. However, the 
requirements created were clearly conceived after the tool was created. Aside from 
requiring that the tool needed to be run in Microsoft Excel, each requirement read like a 
checklist of things that the existing tool needed to run, and of outputs that the tool actually 
generated. For example, one requirement was Deadline for each Priority, which placed test 
assets on the schedule based on a deadline for each priority type. This is not an intuitive 
metric, that a deadline is needed for each priority level, so its inclusion indicates it was 
added because it was a metric listed in Edwards (2015). The requirements were written 
with the burden of knowledge—already knowing what the tool was able to do, and 
therefore basically just described the existing tool. The requirements were not solution-
neutral, and did not specify what features or functionality test personnel might actually 
need out of such a tool.  
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Due to the need for GAMS to run this model, no one at the USMC currently utilizes 
this model to be able to optimize test schedules. This could be an indication that user 
requirements were not truly met with this tool. This thesis will capture user requirements 
based on interview responses with T&E professionals to ensure that any eventual tools will 
have utility and be usable. 
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B. ARMY SBIR TEST PLANNING TOOL 
The company DfR Solutions performed a small business innovation research 
(SBIR) project for the U.S. Army in 2017 that focused on using optimization to help the 
Army determine which testing to pursue and which testing to forego, based on returns on 
investment (ROI). The effort, “related component and subsystem tests to system-level 
reliability [assessments], optimized the amount of subsystem level testing to reduce overall 
cost, time, and risk, and developed test plans that utilized a design of experiments (DOE) 
approach to most effectively test the right variants of vehicles in the most productive 
terrains” (DfR 2017, 4).  
The composite objective function blended test cost, test time, and risk with the 
weighting coefficients, which represents variation in stakeholder preference. For example 
as test cost increases, the stakeholder preference or value placed on that test plan decreases 
(DfR 2017). This model is very focused on reliability testing, which is only a portion of 
the types of testing that the DoD must plan for, but it contains some great insights and 
parameters, such as weighting which represents stakeholder preference, which could be 
useful in other test planning tools for DoD. This project is directly applicable to the problem 
statement of this thesis because it sought to quickly provide information to decision makers 
on which tests to perform and which to forego through the use of optimization. 
C. T&E RESOURCE ALLOCATION USING UNCERTAINTY REDUCTION 
Bjorkman, Sarkani, and Mazzuchi (2013) described “a methodology to determine 
the value of a test by estimating the amount of uncertainty reduction a particular test can 
be expected to provide.”  Utilizing this methodology, “test resources were allocated in a 
way that optimizes the value of a test portfolio to a single decision maker or multiple 
stakeholders and decision makers within a resource-constrained environment” (541). This 
paper used Shannon’s information entropy to estimate uncertainty and uncertainty 
reduction, outlined the different types of uncertainty which could be encountered in testing, 
and utilized a “multiple-choice multidimensional knapsack problem” (Hifi et al. 2004) to 
optimize the test value as constrained by cost (Bjorkman et al. 2013, 544). This research is 
applicable because the authors found there is no evidence that using rules of thumb and 
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subject matter expertise judgement informed by previous testing results in an optimum 
allocation of resources. This research relates directly to the problem statement of this thesis 
by developing a method to rapidly allocate resources in an optimized way, making T&E 
personnel more productive and effective. Using these formulas or this methodology in DoD 
test planning tools could help to better optimize test planning. However, there may be areas 
of test planning, other than just resource allocation which could be optimized, which this 
thesis will research via interviews with T&E personnel. 
D. OPTIMIZATION OF SOFTWARE TEST PLANNING 
Chari and Hevner (2006) explored the need for “an optimal level of testing that 
balanced the risks of failures with the costs incurred while testing the software to meet 
software reliability requirements” (503). Their model determined the optimum quantity of 
test cases that should be run for different use case paths over the course of system testing 
for any software. Inputs to the model included 
the unit cost of testing, costs of fixing errors during testing, cost of delay, 
costs incurred when a software system failure occurs after the software is 
deployed in the production environment, testing deadlines, required use 
case paths, execution times of nodes in use case paths, reliability 
requirements for various use case paths, estimated numbers of errors in the 
software, error discovery rate, operational profiles, and estimated lifetime 
of the software. (504) 
Though this research focused on software testing, this optimization could be directly 
applicable to most types of software testing, and some of the principles could be used to 
shape optimization problems for non-software systems. Balancing the risks of failure with 
costs incurred would be useful to DoD T&E personnel if they were able to access such a 
function through a tool. This research relates to the problem statement of this thesis by 
helping determine quickly how much testing should be completed to achieve a desired level 
of confidence without risking too many failures, which would make T&E personnel more 
productive and effective. 
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III. INTERVIEW FORMULATION 
The purpose of this chapter is to describe the methodology used to collect 
information to support solving the problem and answering the research questions from this 
thesis. The research method chosen was to interview T&E personnel to determine if any 
common areas exist which optimization or automation could be used to enhance T&E 
personnel effectiveness or efficiency. This chapter discusses how the interview questions 
were generated, the process required to support this method of data collection, and how 
members of the community were selected to be interviewed. 
A. INTERVIEW VERSUS SURVEY 
Trainor and Parnell (2011, 302) outline three general techniques which are 
“commonly used for stakeholder analysis: interviews, focus group meetings, and surveys. 
Each technique has different characteristics.” A survey allows the researcher to 
quantitatively assess numeric values representing the opinions of participants. While this 
would have been useful, and could have reached a great number of people, the author felt 
that asking closed questions with yes/no answers or choosing a number would ultimately 
not get to the feedback from users of the areas that test personnel struggle with, and their 
ideas for improvement. This type of information is better suited for an interview. 
In an interview, the researcher can give the participant a better idea of what they 
are trying to get at with their question, and ask for clarification or additional information. 
Hoyle’s (2002) thesis discusses the merits and drawbacks of focus groups, surveys, and 
interviews. In the discussion, he favorably reviews the advantages of interviews, listing no 
drawbacks as he does with the other methods. According to Mastronardi (2001, 20), “one 
of the key factors in the success of a one-on-one interview is to ensure that the objective of 
the interview is known and the questions are structured in such a way to meet that 
objective.”  The interview can be constructed with open-ended questions which results in 
qualitative data, but gives participants a chance to expand on their viewpoints and share all 
pertinent information with the researcher that they feel comfortable sharing. 
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B. CHOOSING PARTICIPANTS 
Test personnel within MCSC are the best interview candidates because these tools 
are focused on helping them. However, in MCSC there are not very many test personnel 
since T&E is not a formally recognized competency. Most test personnel who support 
USMC acquisitions are located in the Program Executive Office Land Systems (PEO LS). 
In MCSC, the people who often plan and conduct testing are the systems engineers in the 
program offices. Early on, a MCSC colleague suggested that these systems engineers 
would be sources that should be sought for interview. However, the priority should be 
obtaining the expert knowledge of T&E personnel to enhance the creation of better tools 
which include more utility for all users and achieves proper test planning and execution 
even when used by people who are not trained in the official way to do things. 
In order to identify test personnel, the author contacted the T&E lead for MCSC, 
who suggested that other services be interviewed so that the tool could have utility across 
the DoD, not just for the USMC. Since there is potential to receive funding for a multi-
service initiative like this in the near future, this thesis would aid in that effort. This 
increased scope could offer new points of view and methods to enhance the final product 
beyond those currently used in the Marine Corps. The T&E lead had a particular interest 
in exploring what tool support would be useful to testers in the cyber domain since this 
domain is becoming such an important realm for the DoD. 
The author was previously a T&E lead for the JLTV program when the program 
was in its Technology Demonstration phase, between Milestones A and B. With an 
automotive engineering background, and military vehicle test experience, the author felt it 
was important to reach out to technology domains that were vastly different from military 
vehicles to determine where similarities in test planning methodology exist and attempt to 
write requirements for a universal test-planning tool, not one that only suits certain 
technology areas. Since the author has experience and opinions on areas where tool support 
would be helpful for military vehicle test planning and execution, this information will be 
aggregated with the opinions of participants to ultimately scope the requirements for this 
test-planning tool, which ideally could be used across the DoD Acquisition community. 
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Figure 2 shows the organizational structure of MCSC with red boxes used to 
highlight program offices where interviewees came from and a blue box used to show 
program office in which the author has test experience. 
 




Figure 3 shows the organization structure of PEO LS with red boxes used to 
illustrate the program offices where interviewees were selected from and a blue box used 
to show the program office in which the author has test experience. 
 




Figure 4 shows the organizational structure of the naval warfare centers using red 
boxes to indicate where interviewees were utilized from. 
 
Figure 4. Naval Warfare Center Organizational Structure. Adapted 
from Carderock New Employee Handbook, www.navsea.navy.mil.  
C. INTERVIEW QUESTION FORMULATION 
The author captured the subject matter expertise of participants as they pertain to 
test planning methodologies, challenges, and best practices for technology areas outside 
military vehicle testing. Questions were devised to determine what methods were used 
currently for test planning, if any tools or best practices were used, how decisions are made 
regarding test planning in terms of test asset numbers, testing location(s), prioritization, 
test budget development,  DOE incorporation, and reliability test planning. Questions were 
also devised to learn what challenges they face and to find out what tool support ideas they 
had. The questions devised for these interviews consisted of the following: 
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1. What technology area do you work in (communications, software, optics, 
etc.)? 
2. Can you please describe the main steps of the process you take when you 
begin planning your T&E schedule? 
3. Do you use any tools, business rules, or repeatable methods in your 
process when developing a test schedule or test strategy? 
4. What process do you use to decide where (which test facility) to test your 
equipment? 
5. What process do you use to determine the number of test articles required 
to support all of your testing? 
6. What process do you use to determine which tests to complete if you have 
limited time to complete everything?  What process is used to prioritize 
events?  What is your process for determining what test events can get 
scrubbed if you have schedule slips (how do you determine adjustment 
COAs)? 
7. What process do you use to develop T&E budgets or funding projections? 
8. How accurate are the schedule projections from your planning process to 
the actuals achieved during testing?  What are most of the differences 
attributed to?  Do you track estimated schedules versus the actual 
durations achieved during the course of testing?  What process do you use, 
if any, to collect data to develop program test schedules? 
9. What would a Test Planning tool need to produce to provide utility to 
you? 
10. Do you do much test-fix-test?  If so, does your planning process involve 
making any certain schedules any differently for that type of testing than 
for other kinds of testing? 
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11. Do you use Design of Experiments (DOE) in your test planning?  If so, 
what process do you use to develop your DOE?  Do you use any tools to 
help with DOE? 
12. How do you determine how many test articles and what duration 
(hours/miles/rounds/messages/etc.) will be needed for a reliability test?   
13. What is your process for software reliability test planning and execution? 
14. What tend to be the most difficult aspects of the test planning process for 
Test and Evaluation Personnel? 
D. INTERVIEW CONDUCT 
Seven participants from MCSC and the Navy were interviewed one-on-one for this 
thesis in order to get an idea of methodologies, best practices, tools, and challenges that are 
common across the services. Notes were taken detailing interviewee responses during the 
interviews. Originally the author planned to interview additional services but there was 
difficulty finding good contacts in the other services and sometimes a lack of interest or 
response when contact was made. This posed a limitation on the research in that only the 
Navy and Marine Corps were interviewed in support of this thesis.  
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IV. INTERVIEW RESULTS AND ANALYSIS 
This chapter reviews the results of the interviews, conducted as described in 
Chapter III, followed by summarizing challenges shared by users. It also analyses 
participants’ responses on the need of automating and optimizing certain T&E processes. 
Finally, this chapter attempts to derive some solution-neutral requirements based on the 
interview results. 
Detailed interview responses can be found in Appendix B, arranged by interview 
question. Key points and quotes from each interviewee are summarized and translated into 
categories, then prioritized, and then arranged into clusters based on themes. Each cluster 
is summarized into a brief phrase to convey its main idea (Hoyle 2002).   
A. COMMONALITIES IN PROCESSES ACROSS SERVICES AND 
COMMODITIES 
The process resulted in the following summary statements which help characterize 
the process that each respondent uses for test planning: 
1. Test Planning Process 
• Determine what testing needs to be done based on requirements, develop a 
logical sequence of test activities based on test asset and range availability, 
identify how long each test event will take to execute, and begin 
preparation which includes drafting test plans 
2. Tools Used 
• Microsoft Excel 
• Repeatable DAU-suggested processes based on best practices 
3. Choosing Test Locations 
• Typically government test facility 
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• Would like to be able to consider commercial facilities as well for more 
flexibility 
• Depends on what capabilities the test site/range has 
• Capabilities of each test site/range are not known by all PMOs (so they 
end up going where they’ve gone before) 
• Geographically located near contractor, users, or PMO are advantageous 
to decrease logistics 
4. Test budgeting: 
• Typically done in Microsoft Excel using heuristics 
5. Test scheduling 
• Manually developed, often using Microsoft Excel 
• Prioritization is intensive team effort 
• Things never go according to plan, and this often results in schedule slips 
• Schedules are usually optimistic 
• Not tracking planned versus actual, or keeping historical account of how 
long things take for future use 
6. Design of Experiments 
• Respondents were divided on the use of DOE with half using it and half 
not using it 
• Determining Number of Test Assets 
• Determine how many and which tests must be done, how much statistical 
significance is needed for each test 
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• Army Materiel Systems Analysis Activity (AMSAA) spreadsheet can help 
with this for reliability testing 
• Delicate balance between how many assets are needed to meet schedule, 
and how much money is available for test assets 
• Modeling and simulation (M&S) can help cut down on test assets in some 
cases 
7. Prioritization 
• Risk based 
• Manual and intensive process 
• Sometimes order of priority is known, or numbers can be assigned to help 
quantify priority, but sometimes determining prioritization requires the 
whole team to meet to discuss 
B. CHALLENGES SHARED 
Respondents shared the following challenges about the test planning, execution, 
and/or reporting activities they perform (in no particular order): 
• Logistics 
• Getting data 
• Knowing which test sites/ranges can do what types of testing 
• Scrambling when fact-of-life changes happen 
• Tedious software testing – have to manually check every single test 
• Fitting in all the testing that should be done 
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C. EXPRESSED USER NEEDS 
The following ideas were expressed by respondents for tool support that would be 
useful to them in their jobs (in no particular order): 
• A way to automate software testing 
• A way to align government and commercial test site/range capabilities and 
their availability with testing needs, to include ship or submarine asset 
information and availability 
• A way to input testing needs and receive a cost estimate output 
• A way to optimize test scheduling 
• A way to automatically scan a requirements document and have it output 
recommended tests and/or test and evaluation master plan (TEMP) 
language 
• A way to house test records over the life cycle of a program, especially 
ship programs with very long lives  
• A way to automate the feasibility of support (FOS) process 
• A way to capture standard methods for radar testing 
• A way to quantify the risks of test planning COAs  
• A repeatable way to plan for live fire testing 
Some of these needs are universal and could be included in a tool that every service 
could use, but some are specific to a service, or specific to a commodity area. This thesis 
will scope requirements to address each of these needs, but it may not be possible for a 
single tool to incorporate each of these features. Future work may involve the development 
of several tools to meet the needs expressed by users in this research.  
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D. REQUIREMENTS DERIVATION 
Each need expressed above in Section IV.C is translated into one or more functional 
requirements using techniques learned during SI4021 Systems Engineering for Product 
Development in a short lecture video from Cliff Whitcomb at Naval Postgraduate School 
in Monterey, CA, watched February 2, 2018, titled, “Fundamentals of Systems 
Engineering, Lecture: Requirements Definition and OCD [operational concept 
definition].” In his presentation, he details how to do requirements definition, 
considerations to make when generating requirements, requirements management best 
practices, the requirements analysis process, and the operational concept definition 
process. The following high-level requirements have been derived for tool support: 
• A tool shall automate software functionality, integration, and regression 
testing. 
• A tool shall link the capabilities of commercial facilities and government 
test sites across the services. 
• A test site capability tool shall include ship and submarine asset 
information to aid in planning. 
• A tool shall optimize a test schedule in 20 minutes or less. 
• A tool shall recognize and interpret the language of a requirements 
document and output suggested tests to conduct as well as TEMP 
language. 
• A tool shall have repository capabilities to maintain historical T&E 
knowledge. 
• A tool shall automate the FOS process. 
• A FOS tool shall show leadership all FOS requests by unit that are 
upcoming. 
• A standard method for radar testing shall be captured and published. 
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• A tool shall provide systematic and repeatable methods for live fire 
testing.
• A tool shall include quantification of risks to better aid decision makers.
• A tool shall output cost estimates.
• A tool shall be usable by government civilian personnel on government 
furnished equipment. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The problem identified in this thesis was that automation and/or optimization are 
needed to increase the speed with which T&E personnel can obtain information about the 
tests being planned and executed to increase efficiency and productivity in test planning 
and management. The subject matter expertise of the seven interviewees was leveraged to 
address this problem. The research questions were, 1) How could MCSC benefit from 
incorporation of automation or optimization in test planning? and 2) What features are 
needed in a T&E planning tool for the Marine Corps? As a result of this research, it was 
revealed that T&E personnel need a variety of tools to increase efficiency and productivity. 
Several high level requirements were generated from this research, including requirements 
to automate software testing, link test site capabilities to each test facility across the 
services, optimize test scheduling, automate the FOS process, standardize radar testing 
methods, and aid in live fire test planning, to name a few. 
Now future researchers can use these requirements to begin development on 
material solutions which incorporate the capabilities that this research found are needed by 
T&E professionals. The problem stated in Chapter I of this thesis will be solved by the 
creation and implementation of tools to aid in T&E planning, which this thesis helps future 
researchers to do. 
Given the needs expressed by the users interviewed, and the requirements that were 
derived from their responses, the following areas are recommended for further research. 
1. Software Testing Automation. The interviewee mentioned that there are 
software testing automation tools in existence, but that they had not had 
the time or money to seek out these resources to help expedite government 
testing. Research and recommendations into the different software 
automation tools to aid in automation of functionality, integration, and 
regression testing would benefit DoD T&E personnel who deal with 
software. 
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2. Test Site Capability Matrix. Both USMC and United States Navy (USN) 
personnel expressed that they did not know all the capabilities of every 
test site. A matrix of what is available at each site would be beneficial to 
DoD T&E personnel. The benefit would be increased if test sites would be 
willing to share their availability and some ROM costing information so 
that T&E personnel could use this information to make a better, more 
robust T&E plan for their programs. Navy personnel also expressed that 
knowing space availability of ships and submarines in this matrix would 
help them to know how many assets to plan for during testing. 
3. Test Scheduling Optimization. Some great work has been done already 
developing the equations for this optimization. Future research could 
attempt to model this integer linear program in Excel to determine how 
long it takes. Excel would be ideal for DoD use since it is widely available 
on everyone’s computers. Additionally, web-based optimization solvers 
could work as well, as long as government computers can access the site 
they are hosted on. 
4. Requirements Document Machine Learning. Technology exists to 
recognize language and use logic to perform operations based on the 
language recognized. Further research into this technology and what it 
would take to implement could result in a tool which can interpret a 
requirements document and suggest testing or TEMP language based on 
the language in the requirements document. 
5. FOS Tool. A tool which is similar to UTES could be developed for the 
FOS process so that leadership could see all FOS requests at a glance and 
ensure their units are not being overburdened by responding to these 
requests. This type of process would also be easier on the PMO T&E 
personnel who normally submit these FOS requests. 
6. Risk Quantification. A risk level can be added to many of the tools 
described here. Presently, an Excel add-in exists called Risk Simulator 
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exists which has some nice features, but would not be able to be 
downloaded on a government computer. There are ways to do many of the 
Risk Simulator techniques in plain Excel, without the add-in. Future 
research could look into these and recommend plain Excel ways to 
accomplish the same tasks in order to include risk quantification into other 
tools recommended here.  
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APPENDIX.  INTERVIEW RESPONSES 
The following are responses to the interview questions: 
1. What technology area do you work in (communications, software, optics, etc.)? 
Participants were interviewed from manpower, personnel, and training (MPT); 
cloud-based software; torpedo software; information systems (networks and 
applications); radars; amphibious combat vehicle; and Navy evaluation technology 
areas 
 
2. Can you please describe the main steps of the process you take when you begin 
planning your T&E schedule? 
Participants described similar steps as those learned in DAU Test and Evaluation 
classes – determine what testing needs to be done based on requirements, develop 
a logical sequence of test activities based on test asset and range availability, 
identify how long each test event will take to execute, and begin preparation which 
includes drafting test plans (DAU 2017, Chapter 8), though in real life the process 
usually ends up being more schedule-driven than event-driven like DAU classes 
suggest it should be. 
 
3. Do you use any tools, business rules, or repeatable methods in your process when 
developing a test schedule or test strategy? 
• “We use a training development tool which is a spreadsheet tracking on 
the job training (OJT), unit training, etc.” 
• “We use 2–4 week ‘sprints’ or cycles for agile/spiral development which 
are repeated throughout the program for each iteration of software release. 
We use a product roadmap to determine when we will add certain features 
to the software.” 
• “We use spreadsheets for a lot of our tracking.” 
• “We use spreadsheets as a tool to complete our work now but there is 
probably a more efficient way to do things, but Excel is the best tool we 
have for now.” 
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4. What process do you use to decide where (which test facility) to test your 
equipment? 
• “We typically go to the contractor/vendor site or to the Marines at Camp 
Lejeune or Camp Pendleton.”  
• “We don’t need a special facility. If we need government furnished 
equipment (GFE), a computer, and a common access card, need a facility 
to test at that can handle these.”  
• “We only have a few test ranges to choose from, and we decide based on 
which ranges have the type of instrumentation and data collection 
capabilities we need for a particular test.”  
• “Radars need to be tested on ranges that allow radar operation.” 
• “We have 3 facilities to choose from, but need to lock on subs to support 
testing—we test at the location nearest to the sub we are able to get. We 
also think about things like deep vs shallow water which could steer our 
choice for location.” 
• “If able to get enough test assets, these can be divided across several test 
sites to accomplish the testing more efficiently, and the types of evaluation 
that need done help scope the amount of testing that needs to be done (we 
lack a material release process like the Army has, so the type of 
evaluations could vary depending on the program or where it is in its life 
cycle). If you have communications equipment you have to test at White 
Sands Missile Range (WSMR), Port Hueneme, or Fort Huachuca, or 
Dahlgren (certain tests can only be done in certain places).” 
• “There are several variables. Cost is a primary consideration. I believe we 
are directed to use government facilities first unless they are cost 
prohibitive. Location is another variable. The closer to the PMO or the 
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location where the development is occurring, the better. This decreases 
logistic issues.” 
 
5. What process do you use to determine the number of test articles required to support 
all of your testing? 
• “We look more at the number of people needed than the number of test 
articles needed. Can people follow the training (need to train testers before 
developmental testing (DT)/operational testing (OT) too).” 
• “We just need to provide a government laptop, but since ours is a web 
application we can test it just about anywhere. We do need to determine 
tools needed to complete the testing—tools are software to run and test 
code. We need to think about what software can support the types of 
testing we need to do (high user load or most complicated query. We have 
to develop tools to best support testing—configure, write scripts, etc.” 
• “Radar is heavily reliant on modeling and simulation, more so than any 
other commodity. The lion’s share of requirements are validated with 
M&S. Very hard to do OT on radars. Engineers wouldn’t say how many 
shots gave statistical significance, and no tolerances were given for 
performance.” 
• “We typically plans for 5–6 torpedoes for each group of testing. If there 
are 6 software changes needed, maybe 3 checked in one group and 3 
checked in another group, so 15 or so torpedoes for each phase and then 
15–20 to check overall integration at the end, which equates to about 30–
35 torpedoes in total to test for the overall software change effort.” 
• “We look at requirements and determine the statistical significance I have 
to apply to each test, this helps determine how many assets I need to 
accomplish my testing, but unfortunately we don’t normally get all of the 
assets we’d like so we have to get creative.” 
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• “Again, there are several variables that drive this determination. Schedule 
is one. If the PMO needs the answer sooner rather than later, that will 
increase the number of test articles in order to conduct testing in parallel. 
Cost is another variable. If the funds don’t allow us to purchase several 
test articles, that will drive us to test in serial and will extend the schedule. 
Also, if some of the tests are likely to destroy a test article then we will 
need to take that into consideration when we are determining how many 
we will need to complete the test program.” 
 
6. What process do you use to determine which tests to complete if you have limited 
time to complete everything?  What process is used to prioritize events?  What is 
your process for determining what test events can get scrubbed if you have schedule 
slips (how do you determine adjustment COAs)? 
• “Since I fall in on their test time, this isn’t that applicable—the biggest 
issue in this realm are engineering changes on the fly, which means I have 
to jump through hoops to get things incorporated quickly.” 
• “We have requirements meetings twice per week where we re-prioritize 
based on product back-log and then rate the difficulty to complete each 
item in 1 sprint on a scale from 3–20 to determine if we will continue to 
pursue that item or not.” 
• “When things change mid-test it is always a challenge to scramble, re-
prioritize, and come up with a Plan B on the fly. It is a very manual and 
intensive process.”  
• “MITRE developed digital target generators for us. The lion’s share of 
requirements are validated with M&S, which helps determine which tests 
actually need to be done. But since the engineers would not say how many 
shots gave statistical significance, it was very difficult to determine this.” 
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• “We typically will not cut test events, we’d slip the schedule instead. 
Sometimes if we got enough data with 10 runs we might forego the last 5 
but usually everything will just push to the right.” 
• “All requirements and subtests are linked to each other in Excel for 
tracking/traceability, then there are always safety things you have to do, 
then KPPs/KSAs, then precedent tests – these are all in an initial bucket 
that must be done, and from there the risks are weighed on making further 
cuts.” 
• “It all comes down to risk. I don’t have the authority to accept the risk of 
not testing (and it’s not the PM’s risk either). What risks are the milestone 
decision authority (MDA)/procurement decision authority (PDA) willing 
to accept when making a full rate production (FRP)/Fielding decision?  
So, the process I use is to lay all the risks in front of the MDA and ask 
him/her what tests he/she are willing to slip.” 
 
7. What process do you use to develop T&E budgets or funding projections? 
• “I rely on heuristics—I know what things typically cost, have to beg for 
money to complete evaluations, and if teams don’t have enough money, I 
have to do the work myself rather than farm it out to a contractor.”  
• “Test costs are built into the software development costs, so testing is not 
as likely to get cut due to budget cuts like for hardware programs.  
• “We get our funding from the PEO and track things in an Excel 
spreadsheet. The type of testing being done dictates what will be needed 
as some tests require limited effort but others are much more involved.”  
• “We use Excel or whatever the PMO is using.”  
• “We use Excel spreadsheets based on heuristics. We usually overestimate 
but sometimes costs change and throw things off – if we had to get a 
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different ship to support last minute or something like that. So it helps to 
have a little extra money in the budget for things like that.” 
• “We ask test sites for ROM costing; and now use those historical ROMs 
with a safety factor (cushion) for an initial estimate and run that number 
by the test sites for a sanity check.” 
• Based on the tests that are required by the MDA, the T&E WIPT will 
develop the schedule and budget for each test event.” 
 
8. How accurate are the schedule projections from your planning process to the actuals 
achieved during testing?  What are most of the differences attributed to?  Do you 
track estimated schedules versus the actual durations achieved during the course of 
testing?  What process do you use, if any, to collect data to develop program test 
schedules? 
• “This is more of an engineering function. Mine generally takes as long as I 
think it will.” 
• “Within the 3-week sprint we are dead on because we have to be done in 3 
weeks, but due to not all work getting done that was intended in the 
sprints, the overarching acquisition program schedule can slip as a result. 
We found we were over estimating what could be fit in a sprint. We are 
looking at best practices—what we are doing well, what needs to be done 
better—and trying to incorporate those as we make future schedules.”  
• “We are at the mercy of ship availability and the weather and often 
experience delays due to these factors. We create a plan but things shift 
when weather doesn’t cooperate, etc. A way to track plan A and plan B 
would be helpful instead of the last-minute scramble that currently 
happens.”  
• “We don’t really track our planned versus actual schedules but would love 
to be able to do that.”  
41 
• “We have typically just slid to the right if everything is not done, but are 
starting to try to make a cutoff and anything not done by the cutoff gets 
pushed to the next build.” 
• “Schedules are not that accurate because when you make the initial high 
level schedule you don’t know what you don’t know and the vendor is 
always slower to get you repair parts than you think they will be, but 
actuals are tracked to the day. However, the inherent problem with 
tracking actuals is that the baseline keeps moving (retesting, add a test, fail 
a test, vehicle broken, instrumentation problem, etc.)—so when you 
compare back to your original it’s not necessarily apples to oranges, but 
it’s granny smith to macintosh apples. The more you know about the 
platform you are testing, the better you can predict the schedule.” 
• “Some are accurate and testing is executed to plan, but some slip for 
months due to many issues. Most of the differences are due to system 
maturity. No I don’t track estimated versus actual. That would make my 
head hurt. We don’t really keep track of past data to inform the future, but 
if we could develop a process to do that better that would be great!  That is 
a great idea, but we don’t have the people to do this.” 
 
9. What would a Test Planning tool need to produce to provide utility to you? 
• “A tool which could recognize words in a requirement and recommend 
testing based on requirements.” 
• “Test scripts you should apply based on certain types of 
functionality/testing needed. There are many software testing tools 
available that help with software planning that we didn’t even get a chance 
(time/money) to look at.” 
• “If you were able to map test site availability to what capabilities each test 
site had, that would be awesome.” 
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• “A common location for information would be great. There are also 
differences in test needs between DT/OT/integrated operational test and 
evaluation (IOT&E)/etc., so being able to have a tool house records 
throughout the life cycle of a program would be helpful, especially for 
ship programs with very long lives.” 
• “A ship/test range availability matrix paired with test range capabilities 
such as range connectivity (which networks), capability of target assets, 
and data collection capabilities (certain ranges have certain sensors).”  
• “Something else to track test objectives and immediate results would help 
too.” 
• “Machine learning/word recognition would be great for writing TEMPs.”  
• “A tool that substitutes the FOS process because it is very hard to get 
support without Marines doing direct coordination with units to get test 
participants.” 
• “We could also use a methods tool which shows how to conduct certain 
tests (since there are no test operating procedures (TOPs) for radar 
testing). We have procedures for how to conduct certain testes on 
sharepoint, but it is not officially documented in a TOP anywhere.” 
• “A catalogue which showed available ranges and their capabilities across 
the services would be beneficial and even better if commercial test 
facilities could be added to this tool as well so PMOs know their options. 
If test sites are unwilling to give pricing they could at least help identify 
cost drivers for testing to be able to give generic cost information to 
support a ROM in a tool.” 
• “A tool that told us how big we could make an exercise based on how 
many torpedoes a particular submarine can hold.” 
43 
• “A test facility matrix with capabilities and commercial test locations 
would be very beneficial.” 
• “A tool where you could put in which assets you need and the durations as 
inputs and the output would be cost.” 
• “A more realistic initial ‘big picture’ schedule (when you are building 
program schedules, TEMPs, etc.) because the most difficult problems you 
deal with downstream are due to that initial incorrect schedule. A tool 
would help catch errors—when I made these 46 schedule COAs did I 
carry through the same error in each?  A tool that provided more accurate 
test durations with some kind of distribution (not just one number) that 
would be beneficial. A tool that could output ROM costs based on inputs 
would make my job easier. Optimizing the schedule COAs would be huge 
and maintaining the correct precedents would be very beneficial. Having 
some kind of risk factor built in would be beneficial, such as ‘the schedule 
is pretty sporty—there’s a 30% chance I’ll resolve all test requirements,’ 
or another example ‘a 50% chance I’ll overrun my budget’. It would be 
nice if it could incorporate statistical confidence to let me know how many 
hours/rounds/miles/etc., need to be done in testing to prove the 
requirement with confidence. A live fire planning tool would be great 
because right now there is nothing—meaning ‘I want to do these types of 
shots…how long should that take for payloading, instrumentation, repair, 
etc.’” 





10. Do you do much test-fix-test?  If so, does your planning process involve making 
any certain schedules any differently for that type of testing than for other kinds of 
testing? 
• “Yes depending on engineering changes, may have to go pack and check 
placement of equipment if it moves, engineers may have to go back and 
revise after changes are made.”  
• “Test-fix-test is just about all that we do. The defects found impact 
upcoming sprints – we either fix them now or can we wait until later?  
How critical is this function?  Still have an acquisition schedule to meet so 
may have to field with less capability/functionality” 
• “Reliability growth testing (RGT) is supposed to be all about test-fix-test, 
but when you do that you have to understand budgetary constraints, fix 
effectiveness factors, corrective action lag times. Generically speaking it 
takes about 3 months to understand you have a problem, figure out what to 
do about it, design a part, and get it fabricated—so a 6month RGT period 
will only implement fixes for the first half of that test window. You also 
need to think about 2nd and 3rd order effects and maintenance induced 
errors.” 
• “Test-fix-test is probably the most common. I wish we would be more 
cautious and plan for more time to test to fix deficiencies, but everyone is 
an optimist and thinks the system will work perfectly the first time.” 
 
11. Do you use Design of Experiments (DOE) in your test planning?  If so, what process 
do you use to develop your DOE?  Do you use any tools to help with DOE? 
• “I don’t develop DOE but I do have input into it with training and human 
systems integration (HSI) recommendations into the DOE.” 
• “I don’t formally use DOE, but the performance requirement specifies 
number of users at one time (load), cpu, etc.”  
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• “We use DOE to determine radar testing.” 
• “We use JMP software to aid in DOE.” 
• “We don’t formally use DOE, but do use TOPs which may have DOE 
‘built in.’” 
• “No, we don’t use DOE. I’m still trying just to get us to do DT. We have 
just been relying on the contractor to do the test correctly because that is 
all the data we are getting.” 
 
12. How do you determine how many test articles and what duration 
(hours/miles/rounds/messages/etc.) will be needed for a reliability test?   
• “I dos in conjunction with logisticians.” 
• “We evaluate the reliability requirement and what sample size will be 
needed to prove with confidence—use AMSAA reliability spreadsheet.” 
• “Since my PMO is mostly software IT driven, and all of our hardware is 
COTS, we use the vendor’s estimate for hardware reliability. A rationale 
for this approach is that we are using routers, servers, etc., in an office 
environment just like any business would.” 
 
13. What is your process for software reliability test planning and execution? 
• “DT/OT training comes in more here than any other place I’ve been. We 
need users to use software, this is where recommendations come in (HSI 
on graphical user interfaces [GUIs], etc.). For this I fall in on someone 
else’s schedule.” 
• “For software developmental tests there is a code coverage metric and a 
tool tells us how much of our code has been tested. If low, it could 
indicate poor quality software, but % complete plus functionality plus 
developmental tests give confidence that it is high quality software. There 
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is also software to predict how many bugs are left based on how many 
bugs have been found to date and lines of code tested.” 
• “We typically evaluate torpedo hardware, but like other software testers, 
we do not typically test software reliability because it is near 100% and we 
expect to catch any reliability issues in modeling and simulation, not in 
testing.” 
• “We are currently moving more toward the agile software development 
process. Software regression testing is incorporated into each 
sprint/iteration to give us confidence the code wasn’t broken. When the 
minimum viable product is ready, a final government test may be 
performed before the release is fielded.” 
 
14. What tend to be the most difficult aspects of the test planning process for Test and 
Evaluation Personnel? 
• “For me it is getting the right people (experienced end users, 2nd to 98th 
percentile people, etc.) to evaluate the item and the logistics of getting the 
facilities/equipment on time, etc.” 
• “Software test execution is actually more challenging than test planning 
because it is tedious. Automated test scripts for 
functionality/integration/regression testing would be beneficial as these 
are the most time consuming—it would be great to push a button and 
verify that all use cases still work instead of manually checking every 
single one.”  
• “Regardless of test planning/design/execution it always seems that we 
have less time to write the evaluation than we need since we are on the tail 
end of the process. Getting data is the challenge—range connectivity helps 
with that, we have some automated processes for getting data into a 
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reportable format, but have to be able to get the data from the test site in a 
timely manner in order to do that.” 
• “Getting our hands on assets and parts is a challenge.” 
• “If a range/capability matrix was created, it would be nice to have 
commercial test facilities included since they could be cheaper. I’ve found 
in the past that the ‘.org’s did a better job and for less money.”  
• “Scrambling when fact-of-life changes happen is the hardest part of 
testing.” 
• “The build-test-build process works but I do not have faith that it is 
optimized by any means.”   
• “Finding a way to fit 10 months of testing into 3 (for example) – you are 
never afforded the time/money to be able to fully test the spec or lay out 
the test the way you’d like. This is because you created the ‘big picture’ 
schedule so long ago with so many assumptions and unknowns that it was 
never achievable. Another difficulty is getting data from the test sites—
don’t get reports in a timely manner. DOT&E oversight complicates 
things and is generally not helpful. Programmatic people assume you’re 
going to meet every test—the hardest part about that is trying to explain 
technical things to non-technical people – trying to convey when 
something is worth retesting or pushing off until later.” 
• “Getting folks to understand that T&E is a tool to generate information 
rather than a ‘force’ that is trying to stop a program from moving forward. 
Also that the goals of DT and OT are mis-aligned, so you spend time and 
money on DT, but the end result may not be operationally suitable or 
effective at all because the requirements weren’t written well. It would be 
more advantageous if the RTM took it one step further and use the Marine 
Corps Task list in the left hand column (rather than the requirement) so 
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that requirements flowed from what functionality was needed during 
particular tasks, into KPPs/KSAs, and finally into specifications. That way 
your passing tests in DT give some confidence that you will be able to 
pass your OT as well.” 
49 
LIST OF REFERENCES 
Bjorkman, Eileen, Shahram Sarkani, and Thomas Mazzuchi. 2013. “Test and Evaluation 
Resource Allocation Using Uncertainty Reduction.” IEEE Transactions on 
Engineering Management 60, no. 3 (August): 541–551.  
Bryant, Randal E., Randy Katz, and Edward Lazowska. 2008. Big-Data Computing: 
Creating Revolutionary Breakthroughs in Commerce, Science, and Society. 
Version 8. Washington, DC: Computing Community Consortium. 
http://cra.org/ccc/resources/ccc-led-whitepapers/. 
Chari, Kaushal, and Alan Hevner. 2006. “System Test Planning of Software: An 
Optimization Approach.” IEEE Transactions on Software Engineering 32, no. 7 
(July): 503–509. https://doi.org/10.1109/TSE.2006.70. 
Defense Acquisition University. 2017. Defense Acquisition Guidebook. Washington, DC: 
Defense Acquisition University. 
DfR Solutions. 2017. Final Report for Test Optimization and Planning for Reliability 
Tool. Project No. DfR16-0002. Beltsville, MD: DfR Solutions. 
Edwards, Shane A. 2015. “Optimizing Department of Defense Acquisition Development 
Test and Evaluation Scheduling.” Master’s thesis, Naval Postgraduate School. 
Garvin, David A. 2000. Redesigning Product/Service Development Toolkit. Cambridge, 
MA: Harvard Business School Publishing. 
Hifi, M, Michrafy, M, and Sbihi, A. 2004. “Heuristic Algorithms for the Multiple-Choice 
Multidimensional Knapsack Problem.” The Journal of the Operational Research 
Society 55 (12): 1323–32. https://doi.org/10.1057/palgrave.jors.2601796. 
Horner, Peter. 2016. “Revolutionary routing system boosts driver efficiency, cost 
savings, customer service, and the environment. INFORMS 43, no. 3 (June). 
https://www.informs.org/ORMS-Today/Public-Articles/June-Volume-43-
Number-3/Edelman-Award-ORION-delivers-success-for-UPS. 
Hoyle, Jeffery W. 2002. “Application of a Commercial Product Development Practice to 
Military C4I Systems Product Development.” Master’s thesis, Naval Postgraduate 
School. 
Mastronardi, R. 2001. “Developing Product Requirements Through the Voice of the 
Customer and Their Link to Product Development—A Mustang Study.” Thesis, 
Massachusetts Institute of Technology.  
Merkl, Abbie J. 2015. “Pharmacy Automation in Navy Medicine: A Study of Naval 
Medical Center San Diego.” Master’s thesis, Naval Postgraduate School. 
50 
Office of the Deputy Assistant Secretary of Defense for Systems Engineering. 2017. 
Department of Defense Risk, Issue, and Opportunity Management Guide for 
Defense Acquisition Programs. Washington, DC: Department of Defense. 
Payne, Arlene M. 2017. “Using Optimization to Improve Test Planning.” Master’s thesis, 
Naval Postgraduate School. 
Trainor, Timothy, and Gregory Parnell. 2011. Decision Making in Systems Engineering 
and Management. 2nd ed. Hoboken, NJ: John Wiley and Sons. 




INITIAL DISTRIBUTION LIST 
1. Defense Technical Information Center 
 Ft. Belvoir, Virginia 
 
2. Dudley Knox Library 
 Naval Postgraduate School 
 Monterey, California 
